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DEVICE FOR WARMING FOOD BY MEANS OF INDUCTIVE COUPLING AND 

DEVICE FOR TRANSFERRING ENERGY 

5 [0001] The invention relates to device wherein food can be warmed by means of inductive 
coupling according to the preamble of claim 1 and a device for transferring energy according 
to the preamble of claim 2. 

[0002] Devices using inductive hob heating for cooking containers are known from the prior 
10 art. In this case, the hob heating inside the cooking plate comprises an induction coil through 
which a high-frequency alternating current flows. This alternating current induces a rapidly 

■ 

varying magnetic field which is guided in the direction of the container. The alternating 
magnetic field induces an electric voltage inside the base of the container, which is embodied 
as ferromagnetic, which in turn results in the formation of an eddy current (induction current) 
15 which brings about heating of the bottom of the pot. One of the advantages of this type of 
inductive hob heating is that merely the bottom of the pot and no other energy-storing parts 
such as the cooking plate, for example, are heated. Consequently, the user cannot bum himself 
on the cooking plate. 

20 [0003] DE 42 24 405 Al describes an inductive hob heating system of this type which is 

located underneath a cooking plate, especially a glass ceramic plate and consists of a cohesive 
assembly containing two induction coils located in a tray. The induction coils are constructed 
as flat-disk-shaped and are supported by means of thermal insulation on the underside of the 
glass ceramic plate and by means of a ferrite plate on a heat sink. One of the disadvantages of 

25 this type of inductive hob heating system is that the efficiency is negatively influenced by 
scattering losses of the electric magnetic field. Further losses occur during passage of the 
magnetic field through the cooking plate so that known inductive hob heating systems can 
attain a maximum efficiency of around 60%. 

30 [0004] Known from DE 100 31 167 A 1 is an arrangement for cooking food comprising a 
cooking surface with a cooking zone to which a first heating element is allocated. A cooking 
device which can be heated by the first heating element can be placed on the cooking zone, 
wherein the cooking device comprises a second heating element. In this case, an electrical 
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connection is provided on the cooking surface to which the cooking device with the second 
heating element can be connected. The advantage of this arrangement is that the cooking 
device can be heated directly by "active heating" which has a positive effect with regard to the 
efficiency. A disadvantage however is that the second heating element is connected by means 
5 of a cable to the electrical connection. The cable running from the cooking device in the 
direction of the cable can be disturbing for the use during cooking food, in particular the user 
can get caught in the cable as a result of any inattentive movement with the consequence that 
the cooking device can tip. 

10 [005]] Known from US 4,996,405 is a device wherein a secondary winding formed from a 
current conductor and a heating element connected to the winding are located in a base 
element. The energy for the heating element is transferred from a primary winding which is 
disposed in a device for the transmission of energy, to the secondary winding by means of 
induction. One of the disadvantages is that these devices have a relatively large volume with 

1 5 the result that the arrangement of the device in the base element of a pot results in a large- 
volume pot. 

ft 

[0006] It is thus the object of the present invention to provide devices which can avoid the 

aforesaid disadvantages, especially a good efficiency can be achieved when heating food, 

20 

[0007] The object directed towards the device for heating food is achieved according to the 
invention by the features of claim 1 and 4. The object directed towards the device for 
transferring energy is achieved according to the invention by the features of claim 2 to 5. 
Advantageous embodiments and further development of this invention can be deduced from 
25 the dependent claims. 

[0008] According to the device for heating food, which for example can be arranged in the 
bottom area of a container to be heated, it is proposed according to the invention that the 
secondary winding is cast in a winding body by a casting means and the insulating casting 
30 means has a coefficient of thermal expansion which substantially corresponds to that of the 
winding body. With regard to the device for transferring energy which can be arranged in one 
embodiment of the invention in a cooking plate, the primary winding is cast in a winding 
body by a casting means. In this case, the insulating casting means has a coefficient of thermal 
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expansion which corresponds to that of the winding body. When a container is placed on the 
cooking plate, the arrangement forms a transformer with two transformer halves. The first half 
- the primary winding with winding body and casting means - is located in the cooking plate 
and the second half - the secondary winding with winding body and casting means - is 

5 located in the container. If a voltage is applied to the primary winding which acts as an 
induction coil, this produces a magnetic flux which flows in the direction of the secondary 
winding. In this case, a high-frequency alternating current flows through the primary winding, 
whereby the energy supply can be finely metered by means of an electronic circuit. As a result 
of the winding body which preferably consists of ferrite, a material comprising electrically 

10 non-conducting metal oxides, good energy transfer is achieved from the primary to the 
secondary winding. The winding body causes the magnetic flux to be guided precisely into 
the secondary winding, resulting in few scattering losses in relation to the magnetic field, 
which is associated with an improved efficiency. Furthermore, a high energy transmission can 
be achieved by means of a small design. 

15 

[0009] In the secondary winding, the magnetic flux is converted into electrical energy, in 
particular a voltage is induced. The secondary winding is thus a current-carrying conductor 
which advantageously need not be connected to an electrical connection via hobs. The heating 

element is heated as a result of the voltage induced in the secondary winding. 

20 

[0010] During operation of the devices according to the invention, the primary and secondary 
windings which can be disposed, for example, in a recess of the winding body, heat up, the 
casting compound absorbing the heat. The casting compound is preferably temperature- 
resistant and can, for example, comprise epoxy resin or polyamide. In this connection, it is 

25 particularly important that the coefficient of thermal expansion of the heat-absorbing casting 
means is matched to that of the winding body. It is hereby achieved that as a result of the heat 
generated during operation of both devices, the winding body and the casting means can 
expand uniformly without mechanical stresses being formed in the area of the recesses, for 
example. The matching of the coefficient of thermal expansion can be achieved, for example, 

30 by adding fillers to the casting means. 

[001 1] In a further advantageous embodiment of the invention, an electrically non-conducting 
protective layer having a small thickness is applied to the winding body, this layer having a 



English Translation of PCT/EP2005/0501 18 based on DE 10 2004 003 1 19.3 filed 01/21/2004 



Attorney Docket No.: 2004P00099WOUS 

-4- 

coefficient of thermal expansion which substantially corresponds to that of the winding body. 
If the container to be heated is located on the cooking plate, both protective layers lie one 
above the other. The thickness of the respective protective layer is preferably a maximum of 
SOO ^m so that as few losses as possible are formed during the transfer of the magnetic field 
5 from the primary into the secondary winding. As a result of the small thickness of the 

protective layer, it is advantageous if, in addition to the coefficient of thermal expansion of the 
casting means, the coefficient of thermal expansion of the protective layer is matched to that 
of the winding body. During the transfer of energy into the secondary winding, the casting 
means, the winding body and the protective layer expand uniformly without the protective 
10 layer constructed as a result of the small thickness being damaged, for example, as a result of 
thermal stresses being formed. The coefficient of thermal expansion of the protective layer 
and/or the casting means is preferably matched to the coefficient of thermal expansion of the 
winding body for a temperature range of -20°C to 150^C. 

15 [0012] The protective layer disposed on the winding body appropriately has a high material 
hardness. This type of formation of the protective layer is preferably suitable for the device 
for transferring energy or for the cooking plate since this tends to scratch quickly as a result of 
the frequent placement of containers. Since the protective layer is constructed as very thin, it 
is advantageous if this is configured with a particularly high hardness. In one embodiment of 

20 the invention, the protective layer can be an amorphous hydrocarbon layer (a-C:H layer). In 
this case, the a-C:H layer can be applied to the winding body by high-frequency discharges, 
magneto sputtering, ion beam methods, vapour deposition or by a plasma-assisted deposition 
method (CVD method). With regard to the CVD method, an argon plasma is ignited using 
hydrocarbon gases (e.g. acetylene) in a vacuum chamber, wherein the molecules of the 

25 reactive gas are fragmented into different breakdown products. Finally, condensable 
hydrocarbons polymerise from this chemical vapour phase on the respective component 
surface (winding body) to form a diamond-like layer. The surface of the winding body thus 
acquires diamond-like properties. For a layer thickness of about 3 |im, the amorphous 
hydrocarbon layer can attain hardnesses of up to 3500 HV (Vickers hardness), that is more 

30 than highly hardened steels. The substantial advantage of this layer is furthermore that despite 
its extreme hardness this is capable of absorbing energy by elastic deformation under high 
loads. This combination of hardness and elasticity produces a very good wear resistance of the 
surface of the winding body. 
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[0013] With regard to the container to be heated, it is not absolutely necessary to form the 
protective layer as a hard layer since in general, higher mechanical forces can act on the 
cooking plate than on the container bottom. As a result of the lower tendency of the container 
5 to scratching, it is sufficient to construct the protective layer merely as thin and electrically 
non-conducting. One possibility of the invention is to configure the protective layer as a film 
which bears against the winding body. The protective layer can, for example, comprise 
ceramic or polytetrafluoroethylene (PTFE). Naturally, in a further alternative it is also 
possible to configure the protective layer as a hard layer, especially as an a-C:H layer. 

to 

[0014] Further advantages, features and details of the invention are obtained from the 
following description wherein an exemplary embodiment of the invention is described in 

detail with reference to the drawings. The features mentioned in the claims and in the 
description are important to the invention individually for themselves or in any combination. 
15 In the figures: 

[0015] Figure 1 is a schematic sectional view of a container in which food can be heated by 
means of induction and 

20 [0016] Figure 2 is a schematic sectional view of a cooking plate which transfers energy into 
the container according to Figure 1. 

[0017] Figure 1 shows a container 2 with a base in which a winding body 8" is located. The 
winding body 8" consists of a ferrite which has a recess 9" in the exemplary embodiment 

25 shown. Located in the recess 9" which has a rectangular shape (groove) in the cross-section is 
a secondary winding 6 formed from a current conductor. The secondary winding 6 acts as an 
induction coil and is composed of a plurality of strands which are assembled from individual 
conductors which is not explicitly shown in the figures, the individual conductors consisting 
of copper can preferably be electrically insulated from one another by means of a heat- 

30 resistant varnish layer. The secondary winding 6 is cast in the recess 9" by an electrically 
insulating casting means 10" which in the present example is epoxy resin which incorporates 
additional ceramic fillers. Polyamide with added fillers can also be used as casting means 10". 
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[0018] Located on the underside of the winding body 8" is a protective layer 1 1" which in the 
exemplary embodiment shown has a small thickness of about 100 |xm. The protective layer 
1 r* is electrically non-conducting and is constructed as a film. The film 11" is stuck on the 
underside of the winding body 8" and contains ceramic. In another embodiment of the 
5 invention, the film 1 1" can also consist of polytetrafluoroethylene or another plastic. The film 
11" can also be applied by laminating-on. The recess 9" is therefore delimited on the one hand 
by the winding body 8" and on the other hand, on one side by the protective layer 11". 

[0019] A heating element 7 is arranged on the upper side of the winding body 8", that is on 

10 the side of the winding body 8" facing away from the secondary winding 6. The heating 

element 7 which is connected to the secondary winding 6 consists of a heating conductor not 
shown which operates as a resistance heater. The heating conductor is connected to the 
secondary winding 6 via two contact points. The heating element 7 can, for example, be 
configured as a porcelain enamelled metal layer system to which the heating conductor is 

15 applied. In a further alternative of the invention, it is possible to connect a plurality of heating 
conductors to the secondary winding 6. The heating conductor is distributed uniformly over 
the entire surface of the heating element 7 so that uniform heating of the heating element 7 
can be achieved. The heating conductor can, for example, have a meander-shaped or a bifilar 
spiral profile. Located above the heating element 7 is the material (not shown) which is to be 

20 heated by the heat generated by the heating conductor. So that as little heat as possible is lost 
during heating of the material, thermal insulation can be provided between the heating 
element 7 and the secondary winding 6. It is hereby achieved that as far as possible, the entire 
heat flow from the heating element 7 is guided upwards, that is in the opposite direction to the 
secondary winding 6 so that the material can be efficiently heated. The thermal insulation can, 

25 for example, comprise vermiculite which has a very low thermal conductivity. Vermiculate is 
mechanically stable and has a high temperature resistance up to about lOOO^C. The thermal 
insulation also has the effect that the secondary winding 6 is not heated unnecessarily by heat 
produced from the heating element 7 whereby the secondary winding 6 could be damaged or 
even fail completely. 

30 

[0020] Figure 2 shows a device 1 for transferring energy which is embodied as a cooking 
plate 1 . The cooking plate 1 has a winding body 8' which is constructed as substantially 
mirror-symmetrical to the winding body 8" of the container 2 to be heated. The winding body 
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8' consisting of ferrite likewise has a recess 9* which contains a primary winding 5 connected 
to a voltage source not shown. The primary winding 5 is surrounded by an insulating casting 
means 10'. A protective layer 11' is located on the winding body 8'. The further configuration 
of the cooking plate 1, especially the casting means 10', the winding body 8' and the primary 
5 winding 6 corresponds to the casting means 10", the winding body 8" and the secondary 
winding 6 of the container 2 so that reference is merely made herewith to avoid repetitions. 

[0021] The protective layer 1 1' of the cooking plate 1 has a high material hardness which is 
achieved by an amorphous hydrocarbon layer. In addition to its small thickness of about 100 
^m and its electrically non-conducting property, the protective layer 1 T is also distinguished 
by its particularly high hardness so that scratching of the cooking plate 1 is largely avoided. 

[0022] In the present exemplary embodiment, at the edge, that means towards the winding 
body 8', 8" and towards the protective layer IT, 11", the casting means 10', 10" contained in 
the recess 9', 9" of the rotationally symmetrical winding body 8', 8" of the cooking plate 1 or 
the container 2 has a frame 3, 4 which also consists of epoxy resin. The frame 3,4 is used as 
an aid during assembly where first the primary or the secondary winding 5, 6 is initially 
guided into the frame 3, 4 which is open to one side and then the epoxy resin 10', 10" is 
poured in. The open frame 3, 4 is then closed by a cover which also consists of epoxy resin. 
The unit comprising casting means 10', 10" and primary and secondary winding 5, 6 can then 
be inserted in the recess 9*, 9" of the winding body 8', 8". 

[0023] In a further embodiment it is also possible to achieve an arrangement of the primary 
and secondary winding 5, 6 in the winding body 8', 8" without frames 3, 4. In this alternative, 
25 it is possible to guide the primary and secondary winding 5, 6 into the recess 9', 9" and then 
merely pour the insulating casting means 10', 10" into the recess 9\ 9". 

[0024] When the container 2 is placed on the cooking plate 1, both protective layers U', 11" 
lie one above the other. When voltage is applied, the primary winding 5 generates a magnetic 
30 flux which is guided in the direction of the secondary winding 6. The ferrite winding body 8', 
8" which has a high electrical resistance, as well as its geometry in this case promote guidance 
of the magnetic flux towards the bottom of the container. In the secondary winding 6 the 
magnetic flux is converted into electrical energy, the secondary winding 6 comprising a 



10 



15 



20 
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current-carrying conductor. At the same time, current flows through the heating element 7 
with its heating conductor which is connected to the secondary winding 6 so that the bottom 
of the container is heated. 

5 [0025] The device according to the invention 1,2 has a high efficiency significantly higher 
than that of commercially available inductive arrangements which approximately reach an 
efficiency of up to 60%. The high efficiency is achieved, among other things by the fact that 
the magnetic flux is guided precisely from the primary into the secondary winding 5, 6. 
Moreover, no substantial scattering losses occur during passage of the magnetic flux through 

10 the two adjacent protective layers IT, 11" since these firstly consist of an electrically non- 
conducting material and secondly, they are constructed as very thin. 

[0026] However, in order that the cooking plate 1 or the bottom of the container 2 remain 
sufficiently mechanically stable as a result of the distributions of compressive and tensile 

15 stress formed by the heating process, the casting means 10', 10" and the protective layer IT, 
1 1 " have a coefficient of thermal expansion which substantially corresponds to that of the 
winding body 8', 8". The ferrite winding body 8', 8" can, for example, have a coefficient of 
thermal expansion of around 10 ppm/K. The coefficient of thermal expansion of the casting 
means 10', 10" can be matched to that of the winding body 8', 8" by adding suitable fillers. 

20 The fillers can, for example, be particles or fibres mixed with the casting means 10', 10". In 
the present exemplary embodiment, the fillers are small ceramic balls incorporated in the 
casting means 10', 10". During heating of the material located in the container, the winding 
body 8', 8", the casting means 10*, 10" and the protective layer 1 T, 11" expand uniformly 
without cracks being formed by thermal stresses. It is particularly important to match the 

25 coefficient of thermal expansion of the protective layer IT, 11" since this is particularly 
sensitive as a result of its small thickness. In the embodiment of the invention shown, the 
matching of the coefficient of thermal expansion of the casting means 10', 10" and that of the 
protective layer IT, 11" to the coefficient of thermal expansion of the winding body 8', 8" 
relates to the temperature range of about -20°C to 150°C. 

30 

[0027] In a further embodiment not shown, the invention can also relate to a device 2 in which 
food can be heated by means of induction comprising at least one secondary winding 6 
formed from a current conductor to which at least one heating element 7 is connected. 
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wherein the secondary winding 6 is cast in a winding body 8" by a casting means 10" and the 
insulating casting means 10" has a coefficient of thermal expansion which substantially 
corresponds to that of the winding body 8". The device 1 for transferring energy to the device 
2 for heating food by means of induction is constructed with a primary winding 5 formed 

5 from a current conductor and connector to a voltage source, which is cast in a winding body 8' 
by casting means 10', said insulating casting means 10* having a coefficient of thermal 
expansion which substantially corresponds to that of the winding body 8'. The only difference 
from the embodiment shown is that the coefficient of thermal expansion of the casting means 
10', 10" corresponds to that of the winding body 8', 8". According to the exemplary 

10 embodiment shown, a protective layer IT, 11" is not provided on the winding body 8', 8". The 
remaining configurations, especially with regard to the winding body 8', 8", the casting means 
10', 10", the primary and the secondary winding 5, 6 and the heating element 7 correspond to 
the devices 1, 2 shown so that reference is merely made to these to avoid repetitions. 



15 [0028] 

[0029] Furthermore, in the device 2 for heating food and in the device 1 for transferring 
energy, the primary and the secondary winding 5, 6 can be arranged in a winding body 8*, 8", 
wherein an electrically non-conducting protective layer 11', 11" having a small thickness is 
arranged on the winding body 8', 8", said layer having a coefficient of thermal expansion 

20 substantially corresponding to that of the winding body 8', 8". This embodiment is 

distinguished by the fact that merely the coefficient of thermal expansion of the protective 
layer IT, U" and not that of the casting means 10', 10" substantially corresponds to the 
coefficient of thermal expansion of the ferrite winding body 8', 8". With regard to the 
remaining configurations of the devices 1, 2 reference is made to the embodiments already 

25 described in accordance with Figure 1 and 2. 
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[0030] Reference list 

1 . Device for transferring energy, cooking plate 

2. Device in which food is heated, container 

3. Frame 

4. Frame 

5. Primary winding 

6. Secondary winding 

7. Heating element 
[0031] 8* Winding body 
[0032] 8" Winding body 
[0033] 9' Recess 

[0034] 9" Recess 
[0035] 10' Casting means 
[0036] 10" Casting means 
[0037] 1 r Protective layer 
[0038] 11" Protective layer 
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